The structure of the title compound, [La(C 5 H 6 O 4 )(C 5 H 7 O 4 )-(H 2 O)]ÁH 2 O, consists of dense layers formed by chains of oneedge-sharing LaO 9 (H 2 O) polyhedra, linked together by the glutarate ligand. The three-dimensional polymeric structure, built up through connection of these layers by the hydrogen glutarate ligand, exhibits cavities accommodating a guest water molecule. The lanthanum ion is tenfold coordinated by four glutarates, acting as bridging±chelating carboxylate groups, by three hydrogen glutarates, three times monodentate, and by one water molecule. Its coordination polyhedron is highly distorted and intermediate between a bicapped dodecahedron and a tetracapped trigonal prism. Hydrogen bonding links the two water molecules and the framework built up from this polynuclear coordination polymer. A very short hydrogen bond, DÁ Á ÁA = 2.484 (3) A Ê , links the protonated with the deprotonated acid groups in the hydrogen glutarate.
Comment
Aliphatic dicarboxylic acids, HOOC(CH 2 ) n COOH, present interesting complexing properties. This is due to the¯exibility of the ligand which may be completely or only partially deprotonated. It has a large variation in coordination behaviour, even with large values of n, showing both polymonodentate and/or chelating modes. This allows for clusters, cage structures or open frameworks. Combined with metallic cations assuming high coordination numbers, e.g. the rare earths, these ligands often yield in®nite frameworks built up of polynuclear coordination polymers. This is due to the low directionality of the mainly electrostatic bonding of these cations. Two structural studies have been published on lanthanide glutarates (Gøowiak et al., 1986; Serpaggi & Fe Â rey, 1998) . Both studies exclude the lanthanum glutarate, which has not been synthesized so far.
We report in this paper the structure of the ®rst lanthanum(III) compound obtained with glutaric acid: [La-(HL)(L)(H 2 O)]ÁH 2 O, (I). It contains hydrogen glutarate (HL) and glutarate (L) groups. One interesting feature of the structure is the in®nite helicoidal chains of one-edge-sharing LaO 9 (H 2 O) polyhedra running along the [010] direction (Fig. 1 ). The repeat distance between two nearest-neighbour La 3+ ions within the chain is 4.429 A Ê . The La 3+ ions are slightly displaced, by 0.32 A Ê , off the helical axis. The structure can be regarded as dense layers parallel to the (100) plane located around x = 1 4 and x = 3 4 . These are formed by the polyhedral chains described above, linked together by the glutarates running along the [001] direction. The layers are connected through the monodeprotonated glutarates building a threedimensional polymeric structure. Their packing results in cavities accommodating one guest water molecule (Fig. 2 ). Fig. 3 shows the tenfold coordination of La 3+ . The coordination sphere consists of four glutarates, three hydrogen glutarates and one water molecule. Although the dispersion of the bond lengths of lanthanum to oxygen is high [2.488 (2)± 2.774 (2) A Ê , see Table 1 ], the average value of these distances is the same as otherwise found for ten-coordinated lanthanum (Marrot & Trombe, 1993 , 1994 . The glutarate ligand L is a bridging±chelating carboxylate group, in that it is bidentate by its two functions and one of the chelating O atoms bridges an adjacent metal atom. The doubly ligating O atoms (O11 and O13) show one short and one long LaÐO distance. The long distance is, as expected, associated with the bidentate function. The geometry of the two carboxylate groups of L is almost the same [the differences between the bond lengths are 0.000 (3) (LaÐO11 ii /LaÐO13 i short ), 0.055 (3) (LaÐO11/LaÐO13 iii long ) and 0.017 (3) A Ê (LaÐO12/LaÐO14 iii monodentate )]. This coordination leads to the in®nite chain of pairs along the [010] direction and makes up the dense layers mentioned above.
The hydrogen glutarate ligand, HL, is three times monodentate, coordinating with all its O atoms, except the oxygen which belongs to the hydroxyl function. The dispersion of LaÐO distances is smaller in this ligand [between 2.590 (2) and 2.699 (2) A Ê ]. The distances within the acid group are somewhat different from what would be expected: they are almost the same in the two ends [C21ÐO21 1.293 (4) and C25ÐO24 1.292 (4) A Ê , and C21ÐO22 1.240 (4) and C25Ð O23 1.242 (4) A Ê ], despite the fact that one is deprotonated and the other is protonated. This is different from the expected values if we refer to the usual distances of 1.214 A Ê for C O and 1.308 A Ê for CÐOH (Allen et al., 1995) . However, this bonding situation resembles that of salts of dicarboxylic acids (Speakman, 1972) . In addition, the CÐC distances adjacent to the acid groups ®t exactly with expected values: C21ÐC22 is 1.520 (5) A Ê , which is expected for the CÐC distance in CÐ COO À (Allen et al., 1995) ; C24ÐC25 is 1.504 (5), while the expected CÐC distance in CÐCOOH is 1.502 A Ê .
The conformation of the two independent ligands L and HL is completely different, as indicated by the dihedral angles in each ligand (Table 1) . L adopts an extended conformation, while HL is twisted ( Fig. 3 ). All the CCOO groups are planar. In L, C13, C14 and C15 are the only coplanar C atoms. This plane forms angles of 30.25 (20) and 17.45 (17) with the C12ÐC11ÐO11ÐO12 and C14ÐC15ÐO13ÐO14 planes, respectively. In HL, atoms C21, C22, C23 and C24 form a plane that has an angle of 71.5 (2) with the C22ÐC21Ð O21ÐO22 plane and 73.3 with the C24ÐC25ÐO23ÐO24 plane. The angle between the two acid planes is 30.40 (11) in L, while in HL it is 40.49 (19) .
The coordination polyhedron is very distorted and may be described as intermediate between a bicapped dodecahedron and a tetracapped trigonal prism (Kepert, 1965; Marrot & Trombe, 1993) .
Hydrogen-bonding geometries are given in Table 2 . The protonated acid group of HL donates the H atom to a very short hydrogen bond to the carboxylate end of HL (see Fig. 3 ). This strong hydrogen bond probably stabilizes the coordination geometry. Similar hydrogen bonds are found in acid salts of dicarboxylic acids in which hydrogen dicarboxylate ions are linked by short hydrogen bonds into in®nite chains (Speakman, 1972) .
Another framework-stabilizing hydrogen bond is present between the coordinating water molecule and the deprotonated acid group of HL. The non-coordinating water molecule is kept in place by hydrogen bonding with the coordinating Figure 2 Perspective view of the packing seen along the b axis. Only H atoms bound to O atoms have been included. Hydrogen bonds are indicated by dashed lines. Note the water-containing cavity in the centre. Full displacement ellipsoids are used for the fully deprotonated ligand L, while open ellipsoids are used for HL. Ellipsoids are drawn at the 50% probability level.
Figure 3
Coordination around the lanthanum ion, including the numbering scheme and anisotropic displacement ellipsoids. Note the strong O24ÐH24Á Á ÁO21 iv hydrogen bond. Only the unique chains have been labelled completely. The symmetry operations are as in Table 1 . The view is along the b axis. Full displacement ellipsoids are used for the fully deprotonated ligand L, while open ellipsoids are used for HL. Ellipsoids are drawn at the 50% probability level. framework (Fig. 2 ). It is disordered (see Experimental), but the disorder could not be resolved with the present data. Due to the disorder, there is a very short hydrogen±hydrogen contact, H2W1Á Á ÁH2W1 iii = 1.90 A Ê [symmetry code: (iii) Àx, 2 À y, 1 À z], and the O2WÁ Á ÁO2W hydrogen bond has a distorted geometry. It can reasonably be assumed that the non-coordinating water plays a templating role during crystallization.
The framework created by the packing is that of parallelepipeds formed by the La 3+ ions. The shortest dimensions of the La parallelepipeds are along the b axis (the helical axis). In the ac plane, the dimensions are 9.96 Â 9.78 A Ê 2 , with a major angle of 124.6 .
This structure is closely related to the two isostructural compounds Nd 2 (C 5 et al., 1986) and
The heavier lanthanide structures (Nd and heavier) are all isostructural, at least when using the same synthesis path (Serpaggi & Fe Â rey, 1998) . Nd is ninefold coordinated while here we ®nd tenfold coordination. The Nd structures crystallize in C2/c and show an almost square grid of Nd ions. The Nd structures are related to that of (I) by exchanging a and b. The solvent-containing cavities are truly open in the Nd compound, leading to open solvent channels. In the present structure, they are collapsed into isolated cavities from which no easy solvent-diffusion path is present.
The differences between the heavier lanthanides and the La structure point to the possibility of obtaining new phases by varying the synthesis temperature and pH, and, consequently, the number of water molecules of crystallization. The importance of this factor is underlined by the fact that the glutarates of all the lanthanoids have been obtained previously except the glutarate of lanthanum.
Experimental
The title compound was obtained by applying grown phase under re¯ux, the preparation process being comparable with that used by Marrot & Trombe (1994) . After mixing appropriate amounts of glutaric acid and lanthanum oxide, with carefully controlled pH and temperature, single crystals were obtained from the mother liquor after 10 d. )/3 (Á/') max = 0.002 Á& max = 1.28 e A Ê À3 Á& min = À0.71 e A Ê À3 Extinction correction: SHELXL97 (Sheldrick, 1997) Extinction coef®cient: 0.00071 (7) H atoms on C atoms were generated (after having been observed in the difference map) and re®ned in the riding model with U iso (H) = 1.2U eq (C). The acid-group H atom was re®ned as a rotating riding atom. The water H atoms were picked from the difference map and included with restraints d(OÐH) = 0.820 (5) and d(HÁ Á ÁH) = 1.30 (1) A Ê , producing an angle of $104.5 . These restraints are so hard that the internal water geometry is given by them and the data determine only the orientation of the water molecules. Symmetry codes: (i) 1 2 À xY y À 1 2 Y z; (ii) xY 3 2 À yY z À 1 2 ; (iii) 1 2 À xY 2 À yY z À 1 2 ; (iv) ÀxY y À 1 2 Y 1 2 À z; (v) 1 2 À xY 1 2 yY z; (vi) 1 2 À xY 2 À yY 1 2 z; (vii) xY 3 2 À yY 1 2 z.
Table 2
Hydrogen-bonding geometry (A Ê , ). Symmetry codes: (i) 1 2 xY yY 1 2 À z; (ii) 1 2 xY 3 2 À yY 1 À z; (iii) ÀxY 2 À yY 1 À z; (iv) ÀxY 1 2 yY 1 2 À z.
2 (O2W) shows some anisotropy in the anisotropic displacement parameters, the ratio of the largest and smallest eigenvalues of the anisotropic displacement parameter tensor being 4.6. In addition, the equivalent isotropic displacement parameter of O2W is 2.33 (6) times larger than that of O1W. This, together with the rather small hydrogen-bond angle between two symmetry-related water molecules (132 ), points toward some residual disorder. Attempts to resolve this were not successful. It should be noted that even with a split description of the O atom, only one position for each H atom was visible in the difference map. Data collection: KM4CCD (Kuma, 1999) ; cell re®nement: KM4RED (Kuma, 1999) ; data reduction: KM4RED and XPREP (Siemens 1996a); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP (Siemens 1996b) and CRYSTALMAKER (CrystalMaker Software, 2000) .
Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK1364). Services for accessing these data are described at the back of the journal.
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Computing details
Data collection: KM4CCD (KUMA, 1999); cell refinement: KM4RED (KUMA, 1999); data reduction: KM4RED and XPREP (Siemens 1996a ); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP (Siemens 1996b where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.002 Δρ max = 1.28 e Å −3 Δρ min = −0.71 e Å −3 Extinction correction: SHELXL97 (Sheldrick, 1997), Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.00071 (7) supporting information sup-2 Acta Cryst. (2000) . C56, 789-792
Special details
Experimental. XPREP (Siemens 1996b ) Data were collected with a CCD camera in about 27 h. Possible crystal decay was tested by comparing the intensity of two identical frames measured at the beginning and the end of the data collection. They show the same intensity showing that no decay took place. Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq La 0.230754 (11) 0.760514 (17) 0.394496 (7) 0.01376 (7) Symmetry codes: (viii) −x, y+1/2, −z+1/2; (ix) x+1/2, y, −z+1/2; (x) x+1/2, −y+3/2, −z+1; (xi) −x, −y+2, −z+1.
